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ELEMENTARY SURVEYING METHODS

General Directions

Introduction: Despite the general availability of topographic maps

and detailed air photos, hydrologists are commonly required to prepare
sketch maps, river cross-sections, determine relative elevations of
reference points such as the tops of well casings, etc. The purpose of
this field work will be to learn elementary techniques of surveying with
compass level and transit.

Notebooks: Notebooks containing information from surveys are valuable
records and can even becomé legal evidence in court. Records in notebooks

must be neat, legible, complete, and logical. Always record date, party

members, weather conditions, location of survey, reference to established
Tandmarks, type of survey, and purpose of survey. VYour ability to keep a
good notebook will be graded. Although some background material may be
added later, a field notebook is a record of your activities in the field
and should be completed in the field regardless of heat, rain, flies,
hungeri or other sources of discomfort.

Y

Cé1ibration of pace and eye level: If you have not practiced pacing,

this shéu]d be done as soon as possible. The length of your pace should

be detefmined by pacing a known distance several times. With practice,

you should have an error of less than 5%. Also, you should know the height
of your eye above the ground. This information is necessary in order to
determine elevation differences using a hand level. Additional height
refere&ce points such as ankle height, knee height, waist height and

breast height are convenient for approximating stream depths. These values

should -be measured, recorded and Tearned.
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General care of instruments: Surveying instruments are easily damaged.

Please (a) avoid forcing any part of the instruments, (b) place the instru-
ments iﬁ their protective boxes when not in use, (c) keep instruments out
6f direct sunlight as much as possible, (d) kéép instruments dry, (e) keep
inétruments out of dirt and dust, and (f)-péck instruments in vehicles so
that they do not bounce or rattle when‘the vehicle is in motion. Please

report any lost or broken parts without delay.

Compass and Pace Traverse

General nature of problem: A compass and pace traverse can be com-

pleted individually and is a quick method to lay out the base for an
accurate sketch map. You will be required to determine the relative
position of several points which will be f]agged by stakes. The distances
between points will be determined by pacing and the bearings of lines
between points will be determined with a compass. Instruction on use of
the Brunton compass will be given in the fie]d. Additional reference
material, from Compton (1962) is attached.

>

' _
Directions: Start at any point on the traverse. Measure backsight

and féresight bearings to nearest points, then pace to next point and
repeaé measurements. Data ére to be_recorded-as follows:

First, make a sketch map showing a north érrow, an approkimate scale,
reference ]andmarks such as roads or bridges, and points on the traverse.

Recorq bearings and paced distances directly on this map, following the

: exampfe below.
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Second, record data in a table using the format given below:

Traverse Distance Forward Back Average Internal
Point Paces (ft) bearing bearing (Forward) angle
Am e e e e 61

¢ 22 110 N76E ST7W N76%E
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A x180

Third, calculate error by filling out a table in the format given below:
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Level Traverse

General nature of the probléﬁ:- You will be required to determine the

elevation of several points. If the elevation of the starting point is

known and if the level line returns to the starting point, the error in the

survey is simply the difference between the known elevation and the final

elevation.

You will be required to make a full traverse and return to your

original point. A sample format is given below for your notes.‘ Abbrevia-

tions in common use are: BM (bench mark), TP (turning point), HI (height

of instrument), BS (backsight), FS (foresight), and TBM (temporary bench

mark).
Station BS(+) HI FS(-) Elev. Notes
BM-1 : 721.05 Curb sw corner Elm and Lee
7.1 72816 1.24
TP-1 726.92
8.83 735.75 1.11
TP-2 734.64
11.72 746.36 10.21 :
BM-2 " 27. 66 12.56 736.15 Top boulder by bridge
4.32 740.47 9.96 27.6¢
TP-3 730.51 Check For 736.15 250
3.06  733.57 . 8.9 arithmelic : —Z21.05 1%
TP-4 724 .66 15.10 |15.10
0.08 724.74 3.72 ’
BM-1 352 35.15 721.02 I
Error = 721.05 - 721.02 = 0.03 ft.

—— ST = 728./46 FS

.24
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How to avoid large errors: Several sources of error are common . The

following 1ist gives the errors in approximate order of importance.
(1.) Numbers on level rod are not read properly. Practice
reading the rod before starting your survey.
(2.) Instrument is.not level because:
The instrument is in the sun and is heated unevenly.
The legs are not anchored.
The Teg screws are loose.

_The telescope is not locked in a horizontal position.

(3.) The rod is not held on the same turning point.
(4.) The rod is not held vertically. |
(5.) The 1ine of sight of the telescope is not parallel with the

bubble tube. Balance foresight and backsight distances to

correct this error.
(6.) Numbers are indistinct owing to heat waves. Reduce sighting
distances to. correct for this problem.
t Lab Report: All required data reduction should be performed and recorded
E in the appropriaﬁe tab]es in your field notebook. Comments on the
f accuracy of your work would be appropriate here too. Field notebooks
will be turned in at the time indicated. Your grade for this experiment

will be based solely on the contents of your field notebook.

N ST RN 4T 4 RN R 4 Y e ez 4 et e




Check List for Surveying   ”¢

1. Transit - level

2. Tripod

3. Brunton. compass

4, Steel tapes (length, 100 ft. or more)

5. Red and blue flagging (bright plastic)

6. Short(8"+) wood stakes

7. Hammer to pound $takes

8. Very large hats or umbrella to shade surveying instruments
9. Notebook and #3 pencil.
10. Scale and straight edge

11. Protractor (cheap plastic protractor is ok)

12 Calculator

- ey




EXAMPLES OF TAKING NOTES IN THE FIELD

Sample 1: From "Manual of Field Geology," Robert R. Compton (1962),
John Wiley & Sons, Inc.

Sample 2: From the personal field book of S. N. Davis on a trip to
i Rinihue, 1961.

| ~ Sample 3: From “"Elementary Plane Surveying," R. E. Davis (1936),
f McGraw-Hi1l Book Co., Inc.
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fig. 1-2. Page from a geologic field notebook.
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238 TOPOGRAPHIC SURVEYING [Chap. XVIII

(2) The levelman sets up the engincer’s level, takes a backsight on &
bench mark, and computes a rod reading such that the foot of the rod
will be at the elevation of a given contour. (3) The rodman moves
about as dirccted by the levelman, locating eritical contour points.
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1. 218.—Notes for coordinate-point method.

When a contour point has been located, the plane-table man sights on
the rod, determines the distance by stadia, and plots the contour point.
(4) Definite details are loented cither by radiation or hy intersection;
distances to such delails are determined either by stadia or by tape
measuremnents, depending upon the seale of the map.




Notes on Using a Brunton Compass

From:

Manual of Field Geology
Robert R. Compton

John Wiley &VSons, Inc.
1962




Using the Compass, Clinometer,
and Hand Level

2-1. The Brunton Compass

A compass, clinometer, and hand level can be used to make a great
variety of surveys and to measure the attitudes of various geologic
structures. These three basic instruments are combined in the Brun-
ton Pocket Transit, which is commonly called the Brunton compuass.
This compass is held by hand for most routine procedures, as those
described in this chapter; however, it can be mounted on a tripod
for more precise measurements, or can be used with a special ruler
on a plane table (Section 6-2). Although the detailed instructions
given in this chapter pertain especially to the Brunton compass, the
same general procedures can be adapted readily to other kinds of
compasses, clinometers, and hand levels.

The various parts of the Brunton compass are shown in Fig. 2-1.
The compass is made of brass and aluminum—materials that will not
affect the magnetized compass needle. When the compass is open,
the compass needle rests on the pivot ncedle. The compass needle
can be braked to a stop by pushing the lift pin, which is located ncar
the rim of the box. When the compass box is closed, the lift pin pro-
tects the pivot needle from wear by lifting up the compass ncedle.

Graduated circle .
Compass needle. Peep

Index pin - sight
Sighting arm
Open siot
Hinge
needle Lift pi
Pivot needle It o ) \W’n coil for bafancing needie

Fig. 2-1. The Brunton compass. Insert at lower left shows enlarged section through
needle bearing.
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The round bull’s eye bubble is used to level the compass when a bear-
ing is read, and the tube bubble is used to take readings with the
clinometer. The clinometer is moved by a small lever on the under-
side of the compass box (not shown in the figure). '

A compass should be checked to ascertain that: (1) both levels have
bubbles, (2) the hinges are tight enough so that the lid, sighting arm,
and peep sights do not fold down under their own weight, and (3)
the point of the sighting arm meets the black axial line of the mirror
when the mirror and sighting arm are turned together until they touch. -
Other adjustments that may be required are described in Section 2-10.

2-2. Setting the Magnetic Declination

The graduated circle of the compass can be rotated by turning.the
adjusting screw on the side of the case. The 0 point of the graduated
circle is brought to the point of the index pin to measure bearings from
magnetic north. To measure bearings from true north (the usual
case), the graduated circle must be rotated to correct for the local
magnetic declination. The local declination and its change per year
are given in the margin of quadrangle maps; however, the correction
for annual change will be only approximate if the map is more than
about 20 years old. The declination can also be determined from an
isogonic chart (Appendix 6). Finally, the declination at any given
point can be determined by setting the compass. on a firm, level sur-
face and sighting on Polaris, the North Star. This rcading should be
corrected approximately for elongation (Section 7-9).

Because the east and west sides of the compass circle are reversed,
it may be momentarily confusing as to which way to turn the circle.
Each setting should be reasoned out and checked. A declination of
207 cast, for cxample, means that magnetic north is 20° east of true
north, and therefore the circle is turned so that the index points to
20 on the E side of 0. To check this, the compass is held level and
oriented so that the white end of the needle comes to rest at 0. The .
entire compass is then rotated 20° in the direction known (geographi-
cally) to be east of north. If the needle then points in the direction
of the sighting arm, which is magnetic north, the declination has been
set correctly.

2-3. Taking Bearings with the Compass

A bearing is the compass dircction from one point to another. A
bearing always has a unidirectional sense; for example, if the bearing
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from A to B is N30 W, the beuring from B to A can only be S30 E.
Using the Brunton compass, the correct bearing sense is from the com-
pass to the point sighted when the sighting arm is aimed at the point.
-The white end of the needle gives the bearing directly becanse the
E and W markings are transposed.  To read accurate bearings, three
things must be done simultancously: (1) the compass must be leveled,
(2) the point sighted must be centered exactly in the sights, and (3)
the needle must be brought ncarly to rest.  When the point sighted is
visible from the level of the waist or chest, the following procedure
should be used.

1. Open the lid about 135°; turn the sighting arm out and turn up
its hinged point (Fig. 2-24), '

2. Standing with the feet somewhat apart, hold the compass at
waist height with the box cupped in the left hand.

3. Center the bull’s eye bubble, and, keeping it approximately
centered, adjust the mirror with the right hand until the point sighted
and the end of the sighting arm appear in it.

4. Holding the compass exactly level, rotate the whole compass (on
an imaginary vertical axis) until the mirror images of the peint sighted
and the tip of the sighting arm are superimposed on the black axial
line of the mirror.

5. Read the bearing indicated by the white end of the needle, which
should be nearly at rest.

6. After reading the bearing, check to make sure the line of sight
is correct and the compass is level.

7. Record or plot the bearing at once.

When the point sighted is visible only at eye level or by a steep
downhill sight, the following instructions apply.

1. Fold out the sighting arm as above, but open the lid ouly about
45° (Fig. 2-2B). :

fig. 2-2. Compass set for taking a bearing at waist height (A) and at height of
eye (B). ; ] e .
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2. Hold the compass in the left hand at eye level, with the sighting
arm pointing toward, and about 1 ft from, the right eye.

3. Level the compass approximately by observing the mirror image
of the bull's eye bubble, and, holding the compass approximately
level, rotate it until the point sighted appears in the small sighting
window of the lid.

4. Holding the compass exactly level, rotate it until the point sighted
and the point of the sighting arm coincide with the axial line of the
window, :

5. Read the bearing in the mirror, double checking for alignment
and level.

6. Transposc the direction of the bearing before recording or plot-
ting it (the compass was pointed in reverse of its bearing direction).

With practice, bearings can be read to the nearest 14° provided the
needle is steady. When holding the compass at waist level, the largest
errors result from sighting the wrong point in the mirror. In the second
method, a good deal of patience is required to level and read the com-
pass from a mirror image. In either method, the compass must be
leveled accuratcly to give good results on inclined sights. If the
swing of the compass needle cannot be damped by the lift pin, the
bearing must be read as the center of several degrees of swing. Un-
less much patience is used, these readings are likely to have errors
of 1 or 2°,

2-4. Magnetic Deflections of Compass Bearings

The compass will give incorrect bearings if there is any local de-
flection of the earth’s magnetic field. Objects containing iron, such
as knives, hammers, and belt buckles, should be kept at a safe distance
while a reading is made. This distance can be determined by placing
the compass on a level surface and bringing the object toward it until
the needle is deflected. A strong pocket magnet must never be car-
ried near a compass. Steel fences, railroad rails, and steel pipelines
should be avoided if possible.

Rocks and soils rich in iron, especially those containing the mineral
magnetite, can cause deflections that are difficult to detect. Bodies
of basalt, gabbro, skarn, and ultrabasic rocks are particularly likely
to affect compass readings.. Relatively strong effects can be tested by
bringing large pieces of rock close to the compass. If the magnetic
mass is small compared to the distance between two stations, fore-
sights and backsights between the stations will give inconsistent re-
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Magnetic
e rock body
=
b~
2
g
A !
m‘ —— Apparent bearing

Apparent bearing is N8SE ——— \ﬂ is N75W
B

Fig. 2-3, Deflection of compass needles at two ends of a linc that passes near a
small magnetic rock body.

 sults (Fig. 2-3). Where larger masses are involved, the deflection

can be measured by pinpointing two stations on an accurate map,
measuring the bearing between them with a protractor, and comparing
this bearing with a compass bearing taken betwcen the same stations
in the field. This measurement will correct the declination for that
part of the area. The same result may be achicved by taking readings
on Polaris at a number of points within the arca to be mapped. If
the magnetic disturbances are moderate and vary systematically over
a given area, a local isogonic map can be constructed from which
corrections of compass readings may be made. If magnctic deflce-
tions are large and distributed irregularly, mapping must gencerally
be done with other instruments, as the peep-sight alidade (Section
6-2) or the sun compass, a nonmagnetic instrument operated on the
basis of the time of day and the direction of the sun’s rays. It is also
possible to make a compass traverse in such a way that the deflections
are accounted for (Section 3-3).

2-5. Measuring Vertical Angles with the Clinometer

Vertical angles can be read to the nearest quarter of a degree with
the clinometer of the Brunton compass. Instructions for this pro-
cedure are:

1. Open the lid about 45° and fold out the sighting ann, with its
point turned up at right angles. '

2. Hold the compass in a vertical plane, with the sighting arm point-
ing toward the right eye (Fig. 24). The compass must be about 1
ft from the eye so that the point sighted and the axial line in the
sighting window can be focused clearly.

C TSR

O
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Fig. 2-4. Using the Brunton compass as a clinometer.

3. Look through the window of the lid and find the point to be
sighted, then tilt the compass until the point of the sighting arm, the
axial line of the window, and the point sighted coincide.

4. Move the clinometer by the lever on the back of the compass
box until the tube bubble is centered, as observed in the mirror.

5. Check to make sure the sights are still aligned, then bring the
compass down and read and record the angle.

Computing difference in elevation. The approximate difference in

elevation between the point occupied and the point sighted can be
computed in the feld if the slope distance is paced and if a small table

Estimated
height of
eye on lree

SP = QP tansM

. L S cn

!
E

Point sought
=X . — — —— —Horizontal distance —= — —

S ,—Point sought

SP=QP-tanghf + WQ

Wy————Tn_——— — — — =
Height of
Q . __P; ) instrument

Fig. 2-5. Finding difference in elevation (SP) from a vertical angle (M) and
horizontal distance (QP). (A) Relation used when sighting on a point at height
of eye. (B) Relation used when sighting uphill to point itself.
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of sines of angles is available (difference in elevation = slope distance

X sine of vertical angle). The difference in elevation can also be
determined if the horizontal distance between the points can be
scaled fromn a map or aerial photograph, the difference in elevation
then being computed from a table of tangents. The height of the
instrument above the point occupied is taken into account cither by
(1) sighting to a point that is at an equal distance above the ground
(Fig. 2-54) or (2) sighting directly to the point on the ground and
correcting the difference in elevation by adding the hcight of the in-
strument for uphill sights and subtracting it for downhill sights (Fig.
2-5B). :

2-6. Using the Brunton Compass as a Hand Level

The Brunton compass is converted to a hand level by setting the
clinometer exactly at 0, opening the lid 45°, and extending the sight-
ing arm with the sighting point turned up. The compass is held in
the same way as when measuring vertical angles. It is tilted slowly
until the mirror image of the tube bubble is centered. Ary point lined
up with the tip of the sighting arm and the axial line of the sighting
window is now at the same eievation as the eye of the observer. By
carefully rotating the entire instrument with a horizontal motion, a
series of points that are at the same elevation can be noted.

Difference in elevation by leveling. The difference in elevation
between two points can be measured by using the Brunton compass
as a hand level. The measurement is started by standing at the
lower of the two points and finding a.point on the ground that is
level with the eye and on a course that can be walked between the

Station
B

Sl e —

Station A

Fig. 2-6. Measuring the difference in elevation between two stations by using
a hand level and counting eye-level increments.

two end points. As the first level sight is made, an object such as a
stick, leaf, or stone is marked mentally and kept in sight while walk-
ing to it. Standing on this marker, another point at eye level is chosen
farther uphill, and the procedure is repeated until the end point is
reached (Fig. 2-6). The number of moves is tallicd and multiplied
by the height of the surveyor’s eye, with the last fractional reading
estimated to the nearest even foot or half a foot. If the country is
rcasonably open, the traverse can be made both quickly and ac-
curately. The serious error of miscounting the tally can be prevented
by keeping a pencil tally on the cover of the compass or by using a
tally counter.
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CHAPTER XI

STADIA SURVEYING

127. The Stadia Method.—The stadia method of measuring
distances is far more rapid than chaining and under certain conditions
is as accurate, It is a useful means of checking more precise measure-
ments. It is employed extensively in
transit surveying, plane-table surveying,
and leveling.

The equipment for stadia measure-
ments consists of a telescope with stadia
hairs, and a stadia rod graduated usually
in feet and decimals. Any self-reading
leveling rod may be used as a stadia rod,
but for long sights special graduations are
employed; some of these are shown in
Fig. 127,

The process of taking a stadia measure-
ment consists in observing through the
telescope the apparent positions of the
two stadia hairs on the rod, the rod being
held vertical. The interval between the
rod readings, called the stadia interval or
stadia reading, is a direct function of the
distance from instrument to rod. For most instruments the ratio
of distance to stadia interval is 100.

For convenience and to lessen the chance of mistake, on transit
or plane-table surveys the stadia interval is determined by setting
the lower stadia hair on a foot mark and reading the position of the
uppet hair,

[Travadavayfvayadayay i
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Fia. 127.—Stadia rods.

128, Principle of the Stadia.—In Fig. 128 the line of sight is-

horizontal, and the rod is vertical. The stadia hairs are indicated
by the points a and b; the distance between the stadia hairsiss. The
stadia interval is s.

In optics it is shown that a ray of light passing through the optical
center of a lens remains undeviated in direction-and, Turther, that
rays which are parallel on one side of the lens are all brought to a
focus at a fixed point on the optical axis. This point is called the

134

Art. 129} STADIA CONSTANTS 135

principal focus, and its distance from the optical center is called the
focal length of the lens.

Considering Fig. 128, imagine that aa’ and b’ are parallel rays
emanating from the stadia hairs a and b, Then F is the principal
focus, f is the focal length of the objectxve and the emerging rays
take the positions ¢’ F4 and b'FB Al~o imagine that a04 and bOB

Stoaolior Rool
~a{lB
3
Telescope.-n . :
e C 0 Horyzontal _ |
Ll T — s
1 4 :
| | 7
..... PSRN D o >{<- A eeeremeeenannnen]
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Fia. 128.

are rays emanating respectively from a and b that pass undeviated
through the optical center O.
" As ab = a'V’, by similar triangles

Hence the horizontal distance from the principal focus to the rod is
d= Zs Ks, in which K = ‘gis a coefficient called the stadia interval

factor which for a particular instrument is a constant so long as
conditions remsin unchanged. Thus for a horizontal sight the dis-
tance from principal focus to rod is obtained by multiplying the stadia
interval factor by the stadia reading. The horizontal distance
from center of instrument to rod is then

D=Ks+(f+0) | )

This formula is employed in computing horizontal dlstances from
stadia readings when sights are horizontal.

129. Stadia Constants.—The focal distance f is a constant for a
given instrument. It can be determined with all necessary accuracy
by focusing the objective on a distant point and then measuring the
distance from the cross-hair ring to the objective. The distance ¢,
though a variable depending upon the position of the objective, may
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for all practical purposes be considered a constant. Its mean value
can be determined by measuring the distance from the vertical axis
to the objective when the objective is focused for an average length
of sight,

(Jsunlly the value of f+¢)is determlued by the manufacturer
and is stated on the inside of the instrument box. Under ordj-
nary conditions (f + ¢) may be considered as 1 ft. without error of
consequence.

129a. Stadia Interval Factor. —The nominal value of the stadia
interval factor K = f/¢ is usually 100. The interval factor can be
determined by observation. The usual procedure is to set up the

instrument in a position where a horizontal sight can be obtained
and with a tape to stake off, from a point distant {f + ¢) in front of
the instrument, distances of 100 ft., 200 ft. ., ete., up to perhaps
1,000 ft. The stadia rod is then held on each of the stakes thus
. established, and the stadia interval is read. The stadia interval
Afactor is computed for each sight, and the mean is taken as the
most probable value.

130. Inclined Sights.—In stadia surveying most sights are inclined,
and usually it is desired to find both the horizontal and the vertlcal
distances from instrument to rod. For convenience, the rod is
always held vertical.

Figure 130 illustrates an inclined line of sight, 4 B being the stadia
interval on the vertical rod, and A’B’ being the corresponding projee-
tion normal to the line of sight. The length of the inclined line of
sight frou} center of instrument is

f AB + (f + 0) @)

For all practical purposes the angles at A" and B’ may be assumed
to be 90°. Let AB = s; then A'B' = § cos a. Making this sub-
stitution in Eq. (2) and letting K = f/i, the inclined dlstance is

_D==I\scosa+(j+c) (3)
The horizontal component of this inclined distance is
H = Kscos*a+ (f+¢)cosa @

‘which is the genetal equation for determining the horizoptal distance
from center of instrument to rod, when the line of sight is inclined.
The vertical component of the inclined distance is
V = Ks cos a sina + (f + ¢) sin «
or

Vo= Y Kssin 2a + (f + ¢) sina (5)

’
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. which is the gencral equation for determining the difference in

2levation between the center of the instrument and the point where
the line of sight cuts the rod. To determine the difference in ground
elevations, the height of instrument and the rod reading of the line
of sight must be considered.

.J

)
Ve Ks 51 2ex HFtC)Sina:

g

B Y - £ ¥ .1 cosz o© f{f{c)cos Qe mneeneenans )I

Fre. 130,

Equations (4) and (5) are known as the stadia formulas for inclined
sights. )

130a. Permissible Approximations.—More approximate forms of
the stadia formulas are sufficiently precise for most stadia work.
Generally distances are computed only to feet, and elevations to
tenths of feet. For side shots where vertical angles are less than 3°,
Eq. (4) may properly be reduced to the form

H=Ks+(+0 ' (6)

which' is the same as for horizontal sights (Art. 128). N

Owing to unequal refraction and to accidental inclination of the
rod, observed stadia intervals are in general slightly too large. To
offset the systematic errors from these sources, frequently on surveys
of ordinary precision the (f + ¢) constant is neglected. Hence in
any ordinary case Eq. (4) may with sufficient aceuracy be expressed
in the fori
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.H = Ks cos? a (approx.)

Alse Eq. () may be expressed With suflicient aceuracy for ordinary
work in the form i

(8)

2
K

V" = 13Ks sin 2« (approx.)

Equations (7) and (8) afe simple in form and are most generally

\Y] employed. The degree of approximation using these formulas may
be still further reduced by adding 1 ft. to the observed stadia distance
Ks.

When K is 100, the common practice is to multiply mentally the
stadia interval by 100 at the time of observation and to record this
value Ks in the field notebook. Thus, if the stadia interval were
7.37 ft., the stadia distance recorded would be 737 ft.

131. Stadia Reductions.—Ordinarily in practice the horizontal
distances and the differences in elevation are not computed by
actually solving the stadia formulas but are obtained by the use of a
table, diagram, stadia slide rule, or stadia ar¢ on the vertical circle
of the transit, all of these devices being based upon these formulas.

Table VI gives, for each 02’ of vertical angle up to 30°, the hori-
zontal distances (from principal focus to rod) and differences in eleva-
tion for Ks = 100 ft., computed from the equations H = K3 cos?
and V = Y%K sin 2a [see Eqgs. (4), (3), (7), and (8)}. For any other
value of Ks, the tabular quantities are to be multiplied by the value
of Ks in hundreds of feet. The table also gives the horizontal
distances and differences in elevation for three values of (f + ¢),
indicated as ¢ in the table. More elaborate tables may be found in
various other publications. If Table VI or a similar table is used,
the necessary multiplications may be carried out with sufficient
accuracy with the ordinary slide rule.

* 132. Uses of the Stadia in Leveling.—In differential leveling, the
backsight and foresight distances are balanced conveniently if the
level is equipped with stadia hairs.

In profile leveling or cross-sectioning, the stadia is a convenient
means of finding distances from level to points on which rod readings
are taken. N

In rough indirect leveling with the transit, the stadia method is
more rapid than any other. In running a line of levels by this
method, the transit is set up in a convenient location. A backsight
is taken on the rod held at the initial bench mark, first by observing
the stadia interval and then by measuring the vertical angle to some
arbitrarily chosen mark on the rod.” A turning point is then estab-
lished in advance of the transit, and similay observations are taken.

' Art. 133]
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The transit is moved to a new position in advance of the turning
point, and the process is repeated. So long as the index mark to
which vertical angles are taken is unchanged, the difference in eleva-
tion computed from the stadia formula is also the difference in cleva-
tion between the two points on which the rod is held. If the chosen
index reading cannot be sighted, the vertical angle is measured to
some other graduation, and this rod reading is given in the notes.
The notes are kept in a form similar to the following:

. Backsight Foresight
Station . EL
Observations Diff. el. | Observations | Diff. el.

In the columns headed “Observations,” both the stadia distance
(or the stadia interval) and the vertical angle are recorded in the line
opposite each station. Horizontal sights are taken wherever possible.

133. Transit-stadia Surveying.—On transit surveys of low preci-
sion where only horizontal angles and distances are required, the
stadia is more rapid than chaining. In general, the surveying
procedure parallels that when the tape is used. Stadia intervals are
observed as each point is sighted. Horizontal angles are measured,
but vertical angles are observed only if large enough to make the
horizontal distance appreciably different from the stadia. distance
(say, when greater than 3°) and then are estimated without reading
the vernier. The field party consists of a transitman, one or more
rodmen, and usually a recorder.

On topographic and similar surveys, both the elevation of each
point and its location in a horizontal plane are desired. As each

point is sighted, both the horizontal and the vertical angle are meas-

ured, and the stadia interval is observed. This method may be
employed merely for the location of details, the horizontal and
vertical control being established by other means; or it may be
employed for establishing control as well as for details, . -

If details only are to be located, the transit is set up at a traverse
or triangulation station the elevation and location of which are
known. The height of the instrument (H.L) above the station is
mesasured with a rod or tape. The transit is oriented by sighting
along a line whose azimuth is known, this azimuth having been set
off on the horizontal circle. The upper motion is unelamped, and
sights to desired points are taken.

Where the required precision is not high, the control may be
established by transit-stadia traverse, and the details may be located




b e AR TR

140 STADIA SURVEYING {Chap. XI

at the same time. For the traverse it is customary to obseer the
stadia interval and vertical angle both forward and back from each
set-up of the transit, employing the mean-value in computations.

In measuring vertical angles it is customary, wherever practicable,

to sight at a rod reading equal to the height of instrument above the
station over which the transit is set. Horizontal sights are taken
wherever possible.

Figure 133 shows a page of notes for a stadia traverse for which
side shots aie taken as the work of riinning the traverse progresses.

( PRELIMINARY (STADIA) SURVEY | OF L.N.RY,, BRIGHTON T0O CAMBY

05/ Y Az [MogBISaddidVertAng Hor Dist | [O#Ele] Eleve [Now 27 1935 dCLlark, &
lInst ot Sta. P4SHI<4.7 TTTTT] 7851 {TICoid YT 1 TN Tillman, Note]
P28 16934 [S0°30E] 637 [-2°27° | €36 ||~ 7529 [ 11111 ] (W W EHH Rods
P50 | 38%1 [vI%SE] 681 1+1°14° | 681 146 11997 10n slope TITTTITTITTII
£91 lisi°n0° 366 |- 0 =456 11395 |West bankl| Green River.
492 [126°3%° al -5°59'| 413 =43 M East] [» a3 b
493 ]8°05 385 |-5°36'] 384 =314 |4 West] |» o]
454 8120 387 |-5°40°1 383 }|-380 {14 East] |~ ol
495  |738°58' 214 1+6°3%#' | 211 +4 8094 g%glo e
Inst at Sta. P50;H124.9 99

P49 [218°2r [s38%50n] 683 |-1°13° | 683 - |[-145 | 852
50 25440 415 |-4°38'[ 412 +314 1832 Jop slo
502 | 16°00] 308_Pon2il 308 1+ 2¢ 8025 | On slope.
503 |137°3%° 374 _1-6°36'] 369 =428 | 1569 | West bank|[ Green River
504 _|B6%I0° 485 |-5557 | 481 _ H-434 | 1503 [ EasI~]] ]
505 5%45° 3 +7°36" | 3167 +418 | B4L5 {Top slopgi. |
P51 _159°38° N5y 5 0%nl}f} 529 -5 1945 {On slope.
506 [94°25° 487 1-3%36'| 485 -305" 1 1692 JWest bank] Green River]

- )

F1a. 133.—Stadia notes.

The elevation of station P 49 has previously been determined as
785.1. Directions of the traverse lines are determined by azimuth
and roughly checked by observed magnetic bearings, and.stadia
distances are recorded, rather than the rod intervals. The backsight
from station P 50 to P 49 checks reasonably close with the foresight
from station P 49 to P 50. The sights to points 502 and P 51 are
horizontal; the rod reading is shown in the notes, and the difference
in elevation is determined by direct leveling. = In topographic survey-
ing a sketch is included in the notes, the points to which sights are
taken being numbered in the sketch.
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134. Errors in Stadia Surveying.—Many of the errors of stadia
surveying are those common to all similar operations of measuring
horizontal angles and differences in elevation, previously discussed.
The sources of error in harizontal and vertical distances computed
from observed stadia intervals are as follows:

1. Stadia Interval Faclor Not That Assumed.—This produces a
systematic error in distances, the error being proportional to that in

_ the stadia interval factor.

2. Rod Not Standard Length.—In stadia work of ordinary precision,
errors from this source are usually of no consequence.

3. Incorrect Stadia Interval—An accidental error oceurs due to
the inability of the instrumentman to observe exactly the stadia
interval. This is the principal error affecting the precision of com-
puted distances. It may be kept to a minimum by proper focusing

to eliminate parallax, by care in observing, and by taking observa- '

tions at favorable times. :

4. Rod Not Plumb.—This produces a small error in the vertical
angle. It also produces an appreciable error in the observed stadia
interval and hence in computed distances, this error being greater
for larger vertical angles. It may be eliminated by using a fod
level. .

5. Unequal Refraction.—The sight on the lower stadia hair, being
nearer the earth’s surface, is affected by refraction more than the
sight on the upper hair; hence a positive systematic error is produced.

In ordinary stadia surveying the error is of no consequence.

134a. Errorsin vertical angles have a relatively small effect upon
the precision of computed horizontal distances but a relatively large
effect upon the precision of corresponding differences in elevation,
For example, in sighting on a point 300 ft. away and within the usual
range of vertical angles, an error of 01’ in vertical angle produces
no appreciable’ error in horizontal distance but produces an error
in elevation of nearly 0.1 ft.

135. Precision of Stadia Surveying.—An important advantage
of transit-stadia surveying over transit-tape surveying is that, in
fieterminiug distances and differences in elevation by stadia, the
mportunt errors may be made accidental; whereas, in chaining, the
Important errors are systematic.

Manyfactors influence the precision of stadia surveying, and no
definite statement of the precision for a given procedure can be made.
Following are estimates which are believed to be fairly representative
of several classes of stadia work, these estimates being based upon
expericence.
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1. For side shots where a single observation is taken with sights
steeply inclined and with no particular care taken to insure the rod's
being plumb, horizontal distances may have a precision lower than
Y00, and individual differences in elevation may be in error 2 ft. or
more per 1,000 ft. of horizontal distance. .

2. Under the same conditions as in (1) but with small vertical
angles and reasonable care used in approximately plumbing the rod
and with lengths of sight between 200 and 1,500 ft., the precision of
horizontal distances should be not lower than }444; differences in
elevation per 1,000 ft. of horizontal distance need not be in error
more-than 0.3 ft. if vertical angles are observed to 01’ or more than
1 ft. if vertical angles are observed to 05'.

3. For a rapid stadia traverse of considerable length run through
rough country with numerous long sights, angles being measured to
minutes but without special precaution to eliminate systematic
errors, the error of closure may be as low as 25.ft. per mile in plan
and 3 ft. per mile in elevation.

4. For conditions as in (3) but for country fairly level so that
all vertical angles are small, the error of closure ought not to
exceed 15 ft. per mile in plan and 0.5 ft.~/distance in miles in
elevation.

5. For rough country with vertical angles up to 15° angles to
minutes, rod standardized, rod plumbed with level, sights limited to
1,500 ft. and taken forward and back from each transit station, and
interval factor carefully determined, the error of closure may be less

than 13 ft.«/distance in miles in plan and 1 ft.4/distance in miles

in elevation.

6. For conditions as in (5) but for level country so that all ver-
tical angles are small, the error of closure may be as small as 6 ft.
+/distance in miles in plan and 0.3 ft.«/distance in miles in elevation.

136. Numerical Prdblems.

. 1. With line of sight horizontal, a stadia reading is taken on a rod held
at & chained. distance of 600 +4 (f + ¢) ft. from the transit station, -The
rod reading of the lower stadia hair is 0.82 ft., and of the upper stadia
hair is 6.77 ft. What stadia interval factor is indicated by this
observation?

2. A stadia interval of 6.31 ft. is observed with a transit for which the
stadia interval factor is 98.5, and (f + ¢) is 1 ft. The vertical angle is
+7°42'. Determine the horizontal distance and difference in elevation
by means of (a) the exaet stadia formulas for inclined sights, (b).the
approximate formuias, and (c) Table VI.

3. Following are the notes for a line of stadia levels. The elevation of
B.M., is 637.05. - The stadia interval factor is 100.0, and (f 4 ¢) = 1.251t.
By use of Table VI determine the elevations of remaining points.

- - G T
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Backsight Foresight

Station i i )
Stadia Vertical Stadia Vertical
interval angle interval angle

B.M., 4.26 ~3°38' A

T.P., 2.85 —1%y 3.18 +2°26’

T.P., 3.30 +0°56’ 2.71 —4°04’

T.P;: 2.66 +2°09* 4.45 ~0°38’

BM. | .... | ...... 3.09 +7°27

4. Following are stadia intervals and vertical angles for a transit-
stadia traverse. The.clevation of station A4 is 418.6 ft. The .stadla
interval factor is 100, and (f -+ ¢) = 1.0 ft. Compute the horizontal
lengths of the courses and the elevations of the transit stations.

Station Object Stadia interval Vertical angle
A 8.50 +40°48’
c 4.37 T 48°18
B 4.34 —-8°1¢’
D 12.45 —2°22'
c 12.41 +2°21’ -
E 7.18 +1°30

5. Following are stadia intervals and vertical apgle.s taken to locate
points from a transit station the elevation of which is 415.7 ft. The
height of instrument above the transit station is 4.8 ft. The‘stadm.
interval factor is 100, and (f + ¢) = 1.0 ft. Compute the horizontal
distances and the elevations. .

Object Stadia interval Vertical angle

41 6.30 —0°58’

42 7.26 —0°44’ (on rod at 9.2 ft.)
43 1.91 —3.4 ft. (direct levels)
44 2.08 +3°37°
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ABLE VI.—HoRrizoNTAL DisTANCES AND ELEVATIONS FROM
T - STADIA READINGS TasLe VI ~—Hor1zoxTAL DIsTANCES AXD ELEVATIONS FROM STADIA
ReapiNGs.—Continned
i oa ‘0 2° 30
H N 40 S° 6° 7°
Mites || fior | BN Bor | B | Bov R Bov | pia or, | it || 7
ist, ev, . ' . ist. ev. : or, Diff, 3 H . .
Minutes I E5 | Blev. || Dit, | Bif: |f Hor. B || Bor. | Dim.
... 100.00 | 0.00 11 99.97 | 1.74 || 99.83 | 3.49 || 99.73 | 5.23
2...... 100.00 | 0.06 {1 99.97 | 1.80 || 99.87 { 3.55 |l 99.72 | 5.28 O...... 99-51 | 6.96 11 99.24 | 8.68 |l 08 g1 1040 | 98.51 | 12.10
4.0, 100.00 | 0.12 |} 99.97 | 3.86 [| 99.87 | 3.60 [| 99.7% | 5.34 LEEERRR 99-5L | 7.02199.23 f 8.741198.90 | 10.45 |l 98.50 1315
6...... 100.00 | 0.27 [l 99.96 | 1.92 || 99.87 | 3.66 || 99.7% | 5.40 4..ee.. 99-50 £ 7.07(199.22 ] 8.80[(98.88 | 10.51 98.48 | 12.21
8...... 100.00 | 0.23 || 99.96 | 1.98 [ 99.86 | 3.72 [ 99.70 | 5.46 6...... 99-49 1 7.23 199.2x | 8.85 1 08.87 | 10.57 || 8.47 | 12.26
I0...... 100.00 | 0.29 || 99-96 | 2.04 || 99.86 | 3.78 {| 9969 | 5.52 8...... 99-4817.19 1 69.20 | 8.01 || 98.86 | 10.62 || 98.46 12.32
: . 10...... 99:47 17-25]/99-19 { 8.97 [| 98.85 | 10.68 1 g8.44 12.38
100,00 | 0.35 || 99.96 | 2.00 }| 99.85 | 3.84 |l 69.69 | 5.57
100.00 | 041 || 99.05 | 2.35 {| 99.85 | 3.0 [ 99.68 | 5.63 9946 17.301199.18 | 9.03 [1 08.83 | 10.74 [ 08.43 12.43
100.00 | 0.47 || 90-05 { 2.21 |l 99.83 | 3.95 [ 99.68 | 5.69 119946 17.36 100.17 | 0.08 |1 68.82 | 10.79 [l 08.41 [ 12.49
100.00 | 0.52 || 99.95 | 2.27 || 09.84 | 3.0t || 9967 | 5.75 99-45 | 7-42199.16 | 9.14 [| 08.8x | 10.85 [| 9840 | 12, $5
100.00 | 0.58 i 99.95 | 2.33 |} 99-83 | 4.07 |[ 99.66 | 5.80 99-44 | 7-48109.151 9.20 ) 98.80 | 10.01 98.39 | 12.60
20...... 99-43 | 7-53 [199-14 | 9.25 [ 98.78 | 10.96 08.37 | 12.66
22 ...... 100.00 | 0.64 ]| 99-94 | 2.38 || 99.83 | 4.13 || 99.66 | 5.86
24 ..n0nn 100.00 | 0.70 || 99-94 | 2.44 | 99-82 | 4.18 || 99.65 | 5.92 2...,.. 99-42 | 7-59 199-13 | 0.31 |1 08.77 ) 11.02 08.36 | 12.72
26...... 99-99 | 0.76 [| 99.94 | 2.50 1 00.82 | 4.24 [ 99.64 | 5.98 i S 99-41 1 7.651100.11 | 0.37 /1 68.76 | 11.08 || 08.34 | 12.77
28 ...... | 99.99 | 0.81 || 99.93 | 2.56 | 00-81 | 4.30 || 99.63 | .04 ’8 ------ 99-40 1 7.71 1199-30 | 9.43 11 08.74 | x1.13 || 98.33 | 12.83
‘ 30 ...... 99.990.87](99.93 | 2:62 || 59.8x | 4.36 || 99.63 | 6.09 3 ..., 99.39 1 7.76 | 99.00 | .48 98.73 | 11.x9 || 98.31 | 12.88
: ‘ o...... 99381782 1199.08 | 0.54 |l 68.72 | 1x.25 | 98.29 | 12194
32 ......| 9999 | 093 1199.03 | 2.67 ) 99.80 | 4.42 || 99.62 | 6.15
34 .0ennn 99.99 | 090 || 99.93 | 3.73 || 99-80 | 4.48 || 00.62 | 6.21 32...... 99.38 | 7.88 199.07 | 9.60( 08.92 | 12.30 08.28 | 13.00
36 .../l 99-99 ] x.05/l99.92 | 2.79 [ 99.79 | 4.53 [| 99.6¢ | 6.27 ¢ SERREE 99-37 | 7.94 [ 9906 { 0.65 |1 98.69 | 11.36 [l 08.27 | 13.05
38 ......| 9909 | x11| 99.02 | 2.85 || 99.79 | 4.50 || 99.60 | 6.33 36...... 99-36 1 7.9 11 99-05 [ 9.7% || 08.68 | xx 42 98.25 | 13.11
40 .. ... 99-99 | .16 jj 99.92 | 2.01 || 99.78 | 4.65 | 99.59 | 6.38 B...... 99-35 [ 805 09.04 | 9.77.{ 08. 671 11.47(08.24 | 1327
- 40.-eenn 99-34 | 8.12 1109.03 [ 9.83 {l 08.65 |-x1.53 [ 98.22 | 13.22
42 ...... 99.9g x.zg 99.9: 2.07 93;1; 4.7; gggg 2,44 " 00.33 | 817 o 88 cs
7Y S 99-98 | 1.28 [ 09.91 | 3.02 |l 09.77 | 4.76 {| 09- B I S LR -33 | - IT]99-01 1 0.88 )l 98.64 | x1. 8.2 .
' 46 ...... 90.98 | 1.34 || 99.90 | 3.08 It 99.77 | 4.82 || 99.57 | 6.56 4400 99.32 [ 8.22199.00 | g.94 98.6.034 n.gg ga.xg :g;g
; 48 ...... 9998 | 1.40 || 99.00 | 3.14 || 00.76 | 4.88 |t 09.56 | 6.61 46...... 99.31 | 8.28 1 98.09 | 10.00 .98.61 | 11.70 |l 8. 171 13.39
; [ - NP 0998 | 3451 99.90 | 3.20 || 99.26 | 4-04.1{ 99.56 | 6.67 8. 99.30 | 8.34 || 98.98 | 10.05 98.60 | 11.76 Il 98.16 | x3.45
50 ......l199.29 | 8.40 | 98.97 | xo.r1 98.58 | 11.81 || 98.14 13.50
[ S 99.98 | 1.51 1 99.89 | 3.26 || 99.75 | 4.09 || 9955 | 6.73 ’
54 ..o 9998 } 1.57 1 99.89 | 3.3 |} 99.74 | 5.05 1 99.54 | 6.78 99-28 | 8.45 || 98.96 [ x0.17 [l 08.57 | x1.87 [ 98.13 | 13.56
$6 ......ll 99.97 ] 1.63 1 99.80 | 3.37 | 90.74 | 5.11 [} 0.53 | 6.84 99-27 | 8.51 11 98.04 | x0.22 | 98,56 | 11.93 f 08.x1 | 13.64
$8......ll 99.97|1.60](99.88 | 3.43 ] 99.73 | 517 § 99-52 | 6.90 99-26 1 8.57 1108.03 | 10.28 [l 98.54 | x1.03 [| 08.10 13.67
6o ...l 9997 | 1.74](99.88 | 3.49 || 99-73 | 5.23 | 99.5T | 6.96 = 99-25 ggg 93.92 10.34 198.53 | 13.04 || 08.08 [ 33.73
ceeenn .24 | 8. 91 | 1a.
c=o0.75.1 o.75]c.ot| o.35|002{ o075{003} 075|005 2974 9791 | 1040 Jl 051 | 12.70 98.06 | 13.78
. €=o0.75.] 075|006 o. 0.0 , y
c= 100 r.o00fjoot{l roojoo3f 200]004| 1.00]0.06 s 7| ©75] 008} o.74] o.10
2 € = roo.l I.00[0.08] o o. y .
¢ = 1254 1.25]002| x25)]|0.03] z2.2§]0.05]| z2.25]0.08 X 9 99fl 0991 o.ar) o.99| o.13
- €= 135 r2sfoxoll r24| oxrf 124| oaqf 1.24| 06
1 Prom *Theory and Practice o Surve ng,’ by Prof, J. B. Johason, Joha §
Wiley & Sons, 1';32 New York. ¢ ving." by 1B} I
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TaBLE VI.—Ior1zoNTAL DISTANCES AND ELEVATIONS FROM STADIA TABLE VL—TIORIZONTAL DISTANCES AND ELEVATIONS FROM StaDIA
Reapincs.—Continued READINGS.—Continned
O R P E 13 15°
| i Dit. | H Diff. | 1 iff. Hor. | Dif. || H Dift. bi! H :

Minutes || Jor | DI || Hor. | Dit. || For. | Dif. B i Misutes || D20 | Elev. || Diw | Blev. || Dok | Bov. || Bor | Bt

0runn. 98.06 | 13.78 /1 97.55 | 35.45[{96.98 | 37.10:.66.36 | 18.73 ... 95.68 | 20.34 /1 0404 | 21.92 |, 04.15 | 23.47 [| 93.30 | 25.00

P I 98.05 | 13.84 1 97.53 | 15.51{|96.96 | 17.16]196.34 { 18.78 } 2...... 95-65 | 20.39 [| 04-91 { 21.97 | 04.32 | 23.52 93-27] 25.08

feenens 98.03 | 13.80 ]| 97.52 | 15.56 | 06.04 | 17.21 [ 96.32 | 18.84 4.-....19563 ] 2044 {1 04.89 | 22.02 || 04.00 | 23.58}| 03.24 | 25.10

6.uuen. 08.0r | 13.95 [1 97.50 | 15.62}196.92 | 17.26 } 96.29 | 18.89 6...... 05.61 | 20.50 |/ 94.86 | 22.08 04.07 | 23.63{193.21 | 25.15

8...... 93.00 | 14.01 11 97.43 | 15.67 || 96.00 | 17.32 196.27 18.9§ 8...... 05.58 | 20.55 [ 94.84 | 22.13 ! 94.04 23.68103.18 | 25.20

10...... 0798 | 14.06 [ 97:46 | 15.731196.88 | 17.37 | 96.25 | 10.c0 jro...... 95-56 | 20.60 | 94.81 | 22.18 fig4.01 | 23.73 | 03.16 | 25.25

2 ..., 07.97 | 1412l 97.44 { 15.78196.86 1 17.43 196.23 | 19.08 12...... 95-53 | 20.66 1| 904.79 | 22.23 11 93.98 1 23.78 1 03.73 | 25.30

NI 97-05 | 14.171107.43 | 15.54196.84 | 17.48 {: 96.21 | 19.11 S 95-51 { 20.71 1 04.76 | 22.28 i 93.05 | 23.83 [/ 03.10 [ 25.35

6...... 97.93 | 14.23 11 97.41 | 15.801106.82 | 17.541 96.18 | 19.16 ... 93-49 1 20.76 | 94.73 | 22.34 ! 03.03 | 23.88 ] 93.07 | 25.40

18...... 97-92 | 14.28 [ 97.39 | x5.95 {1 06.80 | 7.50 h 96.16 | 19.21 L 9546 [ 20.81 {04.71 | 22.30 fi 93.60 | 23.03 | 93.04 | 25.45

20...... 97.90 | 14.34 || 07.37 | 16.00[i66.78 | 17.65 ji 96.14 | 19.27 20...... 95-44 | 20.87 |1 94.68 | 2244 {193.87 | 23.09 [| 03.01 | 25.50

22...... 07.88 | 1440 97.35 | 16.06 | 96.76 17.70 96.32 | 19.32 22...... 95-4% [ 20,02 [l 04.66 | 22.49 [193.84 | 24.04 | 92.98 ] 25.55

24 .0 07.87 | 1445/ 97.33 | 16.1x [[96.74 [ 2 g6 96.00 | 19.38 24 in 95.39 | 30.97 11 94.63 | 22.54 1 03.81 | 24.09 ]| 92.95 | 25.60

26 ..., 0785 | 14.51 || 97.3t | 16.27 ]| 96.72 96.07 | 19.43 26...... 95-36 | 21.03 |l 94.60 | 22.60 | 93.79 | 24.14 [ 92.02 | 25.65

8...... 07.83 | 14.56 || 97.29 | x6.22(| 96.70 x786 96.05 | 10.48 8...... 95.34 | 21.08 || 04.58 | 22.65 [103.76 | 24.19 |l 02.89 | 25.70

30...... 9782 | 14.62 [[ 97.28 | 16.28 || 96.68 | x7.92 || 96.03 | 19.54 3...... 95.32 | 25.13 1 04.55 | 22.70 }193:73 | 24-24 || 92.86 | 35.75

..f: ... 97.80 | 14.67 J{ 97.26 | 16.33 1 96.66 | 17.97 || 96.00 | 19.59 332...... 95-29 | 21.18 1 04.52 | 22.75 [193.70 | 24.29 )1 92.83 | 25.80
: k7 S 97.78 | 14.731197.24 | 16.39 [ 96.64 | 18.03 | 95.98 | 19.64 34...... 95-27 | 21.24 { 94.50 | 22.80 ]193.67 | 24.34 ]} 92.80 | 25.85
: 36......197.96 | 14.99 1 97.22 | 16.44 {1 96.62 | 18.08 | 95.96 | 19.70 36...... 95-24 | 31.29 |1 94.47 | 22.85 [103.65 | 24.39 [ 92.77 | 25.90
38...... 0778 | 14-84 | 97.20 | 16.50{06.60 | 18.x4 1 95.03 | 1975 8B...... 95-22 | 21.34 | 04-44 | 22.91 [193.62 | 24.44 ]| 92.74 | 25.05

40 ....e. 97.73 | 14.00.197.18 | 16.55/ 96.57 ] 18.19 fl 95.01 | 19.85 49 ......1195-29 ] 21.39 || 94-42 | 22.96 |1 03.59 | 24-49 }| 92.71 | 26.00

42 ...0.. 97.7¢ | 14.05 1 97.26 | 26.6x [ 96.55 | 18.24 ]| 95.89 | 19.86 42 ...... 95-x7 | 2145 94.30 | 23.01 [ 93.56 | 24.55{ 92.68 | 26.05

44 «nnn.. 9769 | 15.01 | 97.14 | 16.66 |1 96.53 | 18.301195.86 | 39.92 44 ...... 95.14 | 21.50 [ 94-36 | 23.06 {1 03.53 | 24.60 [ 92.65 ] 26.10

46 ...... 97.68 | 15.06 [ 97.12 | 16.72}1 96.51 | 18.35 [ 95.84 | 20.96 46 ...... 95-52 § 21.55 1| 04.34 | 23-11 || 03.50 | 24.65 [ 92.62 ] 26.15

48...... 97.66 | 15.12 || 97.20 | 16.77 || 96.49 | 18-41 }i95.82 | 20.02 48...... 95.09 | 21.60 1 04.31 | 23.16 || 03.47 | 24.70{ 92.59 { 26.30

§0 ... .J97.64 | 15.17 [ 07.08 | 16.83 | 96.47 | 18.46 | 95.79 | 20.07 50 ..., 05.07 | 21.66 |l 04.28 [ 23.22 10345 | 24-75 | 92.56 | 26.25
5 3 97.62 | 15.23{| 97.06 | 16.88 ]| 96.45 | 18.51 [l 95.77 | 20.12 95-04 | 21.71 {1 94.26 | 23.27 [{ 9342 | 24.80 |} 92.53 | 26.30
, 54.--n- 97.61 [ 15.28 |1 97.04 | 16.04 1 06.42 | 18.57 105.5 [ 20.18 95.02 | 21.76 [ 94.23 | 23.32 [ 93.30 | 24.85 1 92.49 | 26.35
. ) 56 ......0107.59 | 15.34 1 97.02 | 16.99]|96.40 | 18.62 [[9s.72 | 20.23 94-99 | 21.81 |1 04.20 | 23.37 |{ 03.36 | 24.90 ]| 92.46 | 26.40
" $8...0 ) o7.57 | 1540 97.00 | x7-05 [[96.38 | 18.68 {{ 95.70 | 20.28 9497 | 21.87 | 94.17 | 23.42 {{93.33 | 24.95 || 92.43 | 36.45
: 60......{07.55 | 15.45 [ 96.98 | 17.30]106.36 | 28.73 ]| 05.68 | 20.34 94-94 | 21.92 || 94-15 | 23.47 [ 93-30 | 25.00( 92.40 | 26.50
c=0.95. o74| oxr] o.74| oa2|l 0.74| o4l 0.73] o5 0.73| 016 o.73] o.a7(| o43) o.19ll o0.72{ ©.20

c = 1.00.l 0.09| o.15)] 0.90] 0.36]] 0.08]| 0.18}| ©0.08] .20 - 098] o.22 0971 o.a3fl o097 0.25|| 0.96] o©.27
c= 135/l 1.23) oa18[f r.23| o.21jj 1.23] o.23) 1.22] o0.25 ' 1221 0.27) 1.23) o.29| z21| 031} 1.20| o.34
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TAaBLE VE—HORIZONTAL DISTANCES AND ELEVATIONS FROM STaADIA TasLe VL—~HoR1ZONTAL DISTANCES AND ELEVATIONS FROM STADIA
Reapines.—Continued . Reapixgs.—Conlinued
16° 17° oase l 19° 20° “ 21° 22° 33°

. | pig. f mer. | Dig || yor. | Dig | Bor. | pig. { For. | it N pie. | Hor. | i, . | pis.

Minutes B2 | B N BE% | Bev. || Dok | Biev. || Dar | Bl Minutes. || For. | Dift | Hor. | Difl. | Hor. | Difl. | Hor | Dif.

92,40 | 26.50 1 91.45 { 27.96 {1 00.45 | 20.39 [l 89.40 | 30.78 “o...... '88.30 | 32.14 (| 57.36 | 33.46( 85.97 | 34.73 || 84.73 1 3597

92.37 | 26.55 |l 91.42 | 28.01(/00.42 | 20.44 [} 89.36 | 30.83 2......]88.26 | 32.18 | S7.12 | 33.50| 85.93 | 34.77|{ S4-€9 | 36.01

--1192.34 § 26.59 | 91.39 | 28.06 i 90.38 | 29.48 |1 89.33 | 30.87 | G4unnnn. 88.23 | 32.23 || 87.08 | 33-54 85.80 | 34-82[84.65 | 36.05

Jl92.3¢ 1 26.64 i 91.35 | 28.10|1 90.35 | 29.53 |[ 89.29 | 30.02 6...... 88.19 | 32.27 || 87.04 | 33.59{ 85.85 | 34.86|| 84.61 | 36.00

8......Jl92.28 | 26.69 [ 91.32 | 23.x5 ]l 90.31 | 29.58 ]| 85.26 | 30.07 8...... 8835 | 32.32 || 87.00 | 33.63] 85.80 § 34.901184.57 ] 36.13

10......[l92.25 | 26.74 || 91.29 | 28.20]| 90.28 | 29.62 ([ 89.22 ] 31.01 0...... 88.11 | 32.36 | 86.06 | 33.67(i 85.76 | 34.04 |} B4.52] 36.17

12...... 92.22 | 26.70 |( 93.26 } 28.25 [l go.24 | 29.67 [[89.18 | 31.06 12...... 88.08 | 32.41 || 86.02 | 33.72/1 85.72 | 34.081 84.48] 36.21

L ¥ SR 92.19 | 26.84 | 91.22 | 25.50 1 9o.21 | 29.72 || 89.15 | 31.10 4 ..n. 83.04 | 32.45 || 86.88 | 33.76]1 85.683 | 35.02 [} 84.41 | 36.25

16...... '02.15 | 26.89 [|91.19 | 28.34 1 00.13 | 20.76 || So.11 | 31.15 16...... 8S.00 | 32.49 |l 86.84 | 33.80]| 85.64 | 35.07 | 84.40] 36.2

18......01 02,02 | 26.94 Il 9r.16 | 23.39 | 90.14 | 29.81 (| £5.08 | 31.19 18...... 87.96 | 32.54 || 86.80 | 33.84| 85.601 335.11 | 84.35| 36.33

20...... 2.09 | 26.99 || 91.12 | 28.44 il go.1x | 29.86 | 89.04 | 31.24 20 unnn. 87.93 | 32.58 | 86.77 | 33.89|t 85.56 } 35.15 || 84.31 | 36.37

27.04 || 91.09 | 28.49 1 90.07 [ 29.90 ]| 89.00 | 31.28 22...... 87.89 | 32.63 1 86.73 | 33-03/1 85.52 | 35.10 |1 84.27 | 36.41

27.09 || 91.06 | 28.54 || 90.04 | 29.95 [§ 88.96 { 31.33 24 cuennn 87.85 | 32.67 [ 86.69 | 33.07|| 8548 | 33.23 [{ 84.23 | 36.45

27.13 |l o1.02 | 28.58 |l 00.00 | 30.00} 88.93 1 31.38 ) 20 ...... 87.81 | 32.72 1| 86.65 | 34.01|| 85.44 | 35.27| 84.28 | 36.49

27.18 || 9o.99 | 28,63 ! 89.97 | 30.04 || 88.89 | 31.43 28 ...... 87.77 | 32.76 || 86.61 | 34.06| 85.40 | 35.31 || 84.24 | 36.53

: 27.23 [ 90-96 | 28.68 | 89.93 | 30.09 ) 88.86 | 31.47 30 ienns 87.74 | 32.80 | 86.57 | 34.10}} 85.36 | 35.36 || 84.10 | 36.57
27.28 | go.92 | 28.73 1 89.90 | 30.34 |1 88.82 | 31.51 32......1187.70 | 32.85 || 86.53 | 34.14[ 85.31 | 35.40]| 84-06] 36.61
; 27.33 | 90.89 | 28.77 [ 89.86 | 30.19| 88.78 | 31.56 34 eeenns 87.66 | 32.89 || 86.19 | 34.18| 85.27 { 35.44]| 84.01 | 36.65
i 27.33 [l 90.86 | 28.821(80.83 | 30.23 1 88.75 3r.6o 36...... 87.62 | 32.93 it 86.45 | 34.23[ 85.23 | 35.48] 83.97 | 36.69
: 27:43 | 9o0.82'{ 28.87 1 89.79 | 30.28 | 88.71 | 3165 38...... 87.58 | 32.08 || 86.41 | 34.27]| 85.19 | 35.52/83.93 { 36.73
2743 [ 90.79 | 28.92|(89.76 | 30.32 [ 88.67 | 31.69 40 ceu.n. 87.54 | 3302 (| 86.37 | 34.31(| 85.15 | 35-56 [ 83.89 | 36.77

27.52 | 90.76 | 28.96 | 89.72 | 30.37 [| 83.64 | 31.74 “14z2...... 87.51 | 33.07 {1 86.33 | 34.35]l 85.11 | 35.60({83.84 ] 36.80

27.57 || 90-72 } 29-01 {1 80.69 { 3041 i| 83.60 | 31.78 44 ...... 8747} 3311 86.29 34-40]] 85.07] 35.64 | 83.80 | 36.84

27.62 [} 90.69 | 29.06 [ 85.65 { 30.46 [ 83.56 | 31.83 46...... 87.43 | 33-15 || 86.25 | 34.44]l 85.02 | 35.68|f 83.76 | 36.88

27.67 1§ 90.66 | 20.x1 ([ 89.61 | 30.51 |( 88.53 | 31.87 48 ...... 87.39 | 33.20{ 86.21 | 34.48(1 84.08 | 35.72 | 83.72] 36.92

: 27.72 [ 90.62 | 29.15 [189.58 | 30.55 || 88.49 | 31.92 50 ..0.0.1 87.35 | 33-24 | 86.x7 | 34.52] 84.04 | 35.76| 83.67 | 36.96

52 ..... 91.58 | 27.77 [| 90.59 | 29.2089.54 | 30.60 [ 83.45 | 37.96 52.0s... 87.31 | 33.28({86.13 | 34.571 84.00 | 35.80}{83.63 | 37.00

54 ceeen. 91,55 | 27.81 [ 90.55 | 29.25 || 89.51 | 30.65 [ 83.41 | 32.01 54 .o0...87.27] 33.33 || 86.00 | 34.61/1 84.86 | 35.85 1/ 83-59 | 37.04

56 ......1101.52  27.86 || 90.52 [ 29.30 [ 89.47 | 30.69 [} 88.38 | 32.08 [1: 87.24 | 33371 86.05 | 34.651| 84.82 | 35.80(|83.54 | 37.08

$8...... 91.48 [ 27.01 [| 90.48 | 29.34 11 89.441 30.74 || 88.34 | 32.09 §8 ......1187.20 | 33.41 || 86.01 | 34.60| 84.77 1 35-03 || 83.50] 37.12

60 ¢, ~..191.45 | 27.96 [| 90.45 | 20.39 || 89-40 | 30.78 || 88.30 ] 32.14 bo...... 87.16 | 33.46 | 85.97 | 34-73(| 84.73 | 35.07 ] 83-46 | 37.16

¢ =054 0721 oz21] o.72] 0.23( o.71| o.24| o.71| o.25 : c =055 0701 0.26] 0.70| o.27] 069| o.29f 069f 0.30

0.92] o40

1.15| o.50
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. . . TasLe VIL.—HorizoxtaL DisTaNCES AND ELE .
TaBLE VI.—HORIZONTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. ___Ego',""\_ﬁull‘:b"v“"“s FROM STADIA
Reapines.—Continued ‘ .

i o i o 28° 29° 30°

24° 25 26° 27

. ] . . : Hor. Difl. Hor. | Din Hor. | pig
; Hor. | Dif. || Hor. | Difl. || Hor. | Dif || Hor, | Difl. Miautes || F9 : .
Mivutes | pi¢ | Flev, || Dist. | Elev. [| Dist. { Elev. || Dist. | Elev. ! Dist. § Elev. f Dist | Elev. | Dist. [ Elev.

4145 f 76.50 | 4240 | 75.00 | 43.30

0....0.0183-46 | 37.36 [ 82.14 | 38.30|[ 80.78 | 39.40| 79.39 | 40.45 7
3.iias 83-4: 37-20 82.09 { 33-34 (8074 | 30-44 1 79-34 { 4040 4148 '2'45 , 4243 {1 7405 | 4333
4. .51 83.37 | 37.23 | 82.05 | 38.38 | 80.69 | 3047 |} 79-30 | 40.52 41.52 76-4° 42.46 (| 74.90 | 43.36
6......[83.33 1 37.27 {| 82.01 | 3841 [[80.65 [ 30.51 |l 79.25 | 40.55 4l-5§ 26-35 4249 f 7485 | 43.39
8......1183.28 | 37.31 i 81.66 | 38.45 1| 80.60 | 39.54 [ 79.20.} 40.50 41-g '1_6-30 42.53 || 7480 | 43.42
20 ......] 83.24 | 37-35 || 81.02 | 38.49 || 80.55 | 39.58{ 70-15 | 40.62 41.6r I 76.25 | 42.56 || 7455 | 43.45

41.65 || 76.20 | 42.59 || 74.70 | 43.47
41.68 76.15 42.62 74.65 | 43.50
41.71 76.10 | 42.65 7460 | 43.53
4174 || 7605 | 42.68  74.55 [ 43.56

22......183.20] 37.30 | 81.87 { 38.53 1| 80.51 | 30.61 | 70.11 | 40.66
34 000000 83.35] 374311 81.83 | 38. 5% 80.46 { 30.65 |i 59.06 | 40.60
16 .. ... [i83.33 § 37.47 |1 81.78 | 38.60 || 8o.41 | 39.60 | 79.01 | 40.72

18......0183.07]37.51 |j 81.74 | 35.64 | 80.37 | 39.72 | 78.96 | 40.76 ! 7
20 ......]| 83.02 | 37.54 || 81.69 | 38.67 [{ 80.32 | 30.76 || 78.92 | 40.79 v 4177 || 7600 | 4291 7449 | 4350
Mo ol oMot o8} la22....... 81 7595 | 42.74 7444 | 43.62
22 ......]82.98] 37.58 || 81.65 | 38.71 || 80.28 | 30.79 || 78.87 | 40.82 22 7743 | 43
24 ......]|82.03 | 37.63 || 81.60 | 38.75|f Bo.23 | 30.83 [| 78.82 { 40.86 - :g """" 17'33 4"34 75-g° 43-g7 74.39 | 43.65
26 ......||82.50 | 37.66 | 81.56.] 38.78 || 80.18 | 30.86 {} 78.77 | 40.80 . 2T 17-33 41.87 75'82 42's° 74-34 | 4367
28 ......||82.85] 37.70 || 81.51 | 38.82 || 80.14 | 39.00 78.73 | 40.02 8o 77.2 4190 f[ 75 43~83 7429 | 43.70
30 <000 .| 82.804 37.74 [{ 81.47 [-38.86 || 80.09 | 30.03 [{ 78.68 | 40.96 . 30.venn.. 77.23 | 4193 | 75.75 | 4286 || 73.24 | 43.73
w18y a2 {28 Rl 2n eon § 2arll 2@ £2f amanl & {32....... 18 | 41.07 (| 7570 | 4289 || 74.10 | 43.76
2 .euns.f|82.76 [ 37.77 | 8142 | 38.80 || 80.04 | 30-07 [ 78.63 | 40.00 32 771
24 Cerees 82.72 | 37-81 j| 81.38 | 38.93 |l 80.00 | 40.00 ;8,58 11.02 32 ------ 77-13 | 42.00 75-22 4292 || 7414 | 43.79
36 ..0000 82.67 ] 37.85 {1 81.33 | 38.97 || 79.05 | 40-04 78.54 ] 41.06 38 """" 7799 42'°g 5. 42-9g 74-09 43.82
38 ......[82.63 | 37.89 || 81.28 | 30.c0ll 79.90 | 40.07{| 48.49 | 41.00 30 """" 2(7)-04 43.0 75-55 | 429 7404 43-84
40 ......| 82.58 ] 37:03 1| 81.24 | 30.04 | 79.86 | 40.1x |} 78.44 | 43.13 SAAREERER 70-99 | 42.09 || 75.50 | 43.01 || 73.99 | 43.87
: T l4z....... 6. 2,12 )| 75.45 .0 X .
: 240e...182.54 | 37.06 || 81.19 { 35.08 | 79.8% { 40.14 [ 78.30 { 41.16 42 7694 1 42.12 4304 | 73.03 | 43.90
PR :4 ...... 82.49 2800 81.15 gg.u 33.76 4018 ;8;2 4119 42 """" 7239 42.15 || 75.40 | 43.07 j 73.58 | 43.03
i 46 ..0...[18245 | 38.04 [l 81.10 | 30.15 || 70.72 | 40-21 [} 78.30 | 41.22 48 """" 76‘ 4 | 4219 || 75.35 | 43.10 73-§3 43-95
: 48 ......l| B241 | 38.08 [ 81.06 | 30.18 | 79.67 | 40.24 {| 78.25 | 41.26 4°'~""" 76'79 42.22 || 75.30 } 43.03 || 73.58 | 4393
§0 evnns 82.36 | 38.11 || 81.01 | 39.22| 79.62 | 40.28 || 78.20] 41.29 R 76.74 | 42.25 || 75-25 | 4316 || 73.73 | 4401
53 cennn.. 76.69 | 42.38 || 95.20 | 43.18 || 73.68 | 44.04
§2......]|82.32 | 38.x5 || 8B0.97 | 30.261] 70.58 | 40.31 )| 78.15 } 41.32 ) S4 o 7664 | 4231 | 1505 | 4per 363 | iior
§4 ovea0af| 82.27 ] 38.19 )1 80.92 | 30.291] 70-53 | 40.35 | 78.30] 41.35 36 s
§6 ..ues 82.23 | 38.23 | 80.87 | 39.33 1] 79.48 | 40.38 || 18.06 | 41.39 IR 76'59 42.34 | 75-10 [ 43.24 | 73.58 | 44.09
§8 ......]|82.18 | 38.26 i 8o.B3 | 39.36 [} 79.44 | 40.42 | 18.01 | 41.42 ol 76~55 42.37 Il 75.05 | 43.27 [| 73.52 | 4432 .
603..... 82.14 | 38.30 [ 80.78 | 30401l 70.30 | 40.4sl 7706 L4245 | Zotocees 70.50 | 42.40 || 75.00 | 43.30 [ 7347 | 4415

¢ =075l 0.68] o0.31] 0.3} o.32}] 0.67] 0.33] 0.66] o.35 c=o75.| 066 | o36 || obs | o37 | obs | 038

e = 100, o0t °-4‘i 000 ou3ll oBs] oas| o8y| o046 ¢ = 1.00.. 0.88—“ 0.48 0.87 0.49 0.86 o.51
C'= 1,25.. 1.10 0.60 1.09 0.62 3.08 0.64

c= 1281 1.14 o.szi 1.3 o4l 1.32| 0560l 131 0.58




" 'BASIC SURVEYING EXERCISES

Determine your average length of pace.

Learn to use instruments.

Measure a distance of approximately 200 ft. on nearly Tevel ground
by tape and stadia-transit and compare. Assume the tape measurement
to be the standard and calculate the percentage error in the stadia
ﬁethod. |

Make a Brunton and peee survey of the assigned polygon.

Make a transit-stadia'survey of the polymon. Check your distances by
tape. |

Determine the elevations of the vertices of the polygon by using the
transit level. Assume e]evatioﬁ—of point A to be 100.00 ft.
Determine the error of closure efAthe polyaon; if £t=vQ§:Z§’ is less
than %%53 eompensate the x- and y-projections, so that the palygon
closes.

Determine the coordinates of the polyqon.

Calculate the area of the po]ygon.

Determine the error of closure %n the leveling. If AE < 0.10 ft, com-
pensate the error, by the re]at%on

AE . error in the intermediate point (vertex)
total distance leveled total distance leveled up to that point

This means that you must have an estimate of the distances Teveled, which
will not be in general equal té the sides of the polygon. The estimation

- N R . ' :
by pacing will be adequate. If the errors are greater than the tolerances,

the survey has to be repeated.
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Qm' EFFICIENCY LINE® 22.210

4B

: . , . Original Pryectiond  Corregtions  |Loreked ryections| Coordipates | Points
. N |Length? \Bearing |Azimuth| sin Az |tos Az , . ;
N ? = = ¢ C L L, | % ..
w|k . = L.f’;n/’z LE‘o’s/Iz ¥ Y x Y ¢ |
: | 100.00 500.00|
50000 N | o 0.00| 500000 o0.00] 245 0.00| 50245\ 100.00| j002.45|
BC|348.60 ¢ Nus00E | k5%00" |+ 00071 |+ 0.7071 |+ 600.05|¢ 600. 05\ + 5.40\+ 2.0 605.95| 60299 705.95 1,605.1/4
|85k ko |sea27 £ 110" 35" |+ 09364\~ 0.3500 |+800.06 |- 290.02|+ 787+ 17| 80743 2085|1513, 88| (30699
* DE|i0m.80 = \Su10'E |168> 41" |+0.1962 |-0.9806 t 200,08 - 900.97\+ 197 |+ 4.89| 202.05|-995.08| L1503 3190
EF\118.00 |s70242 w|250% 42"~ 0.9939 |- 0.1788 |- 1,049.98) 199.90\+ 10.92 |+ 0.98},084.16)- 198.92| 62677 112.99
15 - . e ‘
FA| 63680+ N 56"06W\305° 5% \- 0. 8100 [ 0 5864} $32.01 |+ 385, 13} 520 |+ 188} 526, 77|+ 38701 100.00| 500,00
Jum 99766 2x= | 2" 1
0 2 2\ - 3/.80|~ I4.6l\+3.80 |+ 162\~ 0.000 0.00
19 eég (exf-éy) = 35:0
- . 35 /L1 -
. Erron of Closdre : ware 7| s Y750 D, K .
u %' I/LL,// (823200 ¢ a/réé/?m: Gyand Cy| b side| CD:
2 =| 2984.97 =| 780 =l+7
. y Cy = 2E20 v 00006 = #7.87
a Cyx| A4bL o902 = it 147
28 2984.97
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